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INTRODUCTION 

The commercial c l a s s i f i c a t i o n  o f  coal i s  o f t e n  based upon i t s  rank. Technolog- 
i c a l  proper t ies,  such as the p o t e n t i a l  f o r  l i que fac t i on ,  a lso vary w i t h  the rank o f  
the coal since t h i s  i s  a measure o f  the average chemical composition. Coal rank can 
be determined from the re f l ec tance  o f  the coal us ing a microscopic method. 

I n  many coal l i q u e f a c t i o n  processes the coal i s  co-processed w i t h  heavy o i l  o r  
p i t ch .  The s o l i d  residues from the process can con ta in  unreacted coal, p a r t i a l l y  
reacted coal in termediate products and semicoke. The semicoke could have been 
formed from the coal ,  the o i l  o r  p i t c h  o r  from the l i q u i d  products o f  the process. 
A de ta i l ed  pet rographic  ana lys i s  o f  these s o l i d  products can prov ide usefu l  
in format ion about t h e i r  nature and source. 

Petrographic ana lys i s  i s  done by mounting crushed coal o r  residues i n  epoxy 
res in ,  po l i sh ing  the sur face and examining i t  microscopica l ly  us ing r e f l e c t e d  l i g h t  
and o i l  immersion ob jec t i ves .  Any o i l  o r  p i t c h  present i n  the sample w i l l  d isso lve 
i n  the o i l  used t o  coat  the o b j e c t i v e  lens and both obscure the image and more 
impor tant ly ,  prevent accurate measurement o f  the re f l ec tance  o f  the sample. The o i l  
i s  usual ly  removed by Soxhlet ex t rac t i on ;  pentane, te t rahydrofuran fTHF) and toluene 
are the most common solvents,. 

One way t o  determine whether coal found i n  the s o l i d  residues i s  unreacted, o r  
p a r t i a l l y  reacted i s  by measuring i t s  re f l ec tance  and comparing t h i s  w i t h  the 
re f l ec tance  o f  the coal feedstock components from which they are derived. Changes 
i n  re f lectance are r e l a t e d  t o  changes i n  the composit ion ( rank)  o f  the coal .  A 
major problem (1) w i t h  t h i s  approach i s  t h a t  changes i n  re f l ec tance  may have 
occurred whi le  the coal was s tored as a s l u r r y  w i t h  the o i l  and/or dur ing the 
so lvent  ex t rac t i on .  

The so lvent  e x t r a c t i o n  process does not  appear t o  a f f e c t  the re f l ec tance  o f  
bituminous coals. Some previous observations seem t o  i n d i c a t e  t h a t  the re f l ec tance  
o f  the coal was a f fec ted  by the  o i l  or  by the so lvent  ex t rac t i on ,  bu t  t h i s  was not  
conclusive. A ser ies o f  experiments was done t o  d i r e c t l y  determine the  e f f e c t  o f  
soaking i n  o i l  and subsequent so lvent  e x t r a c t i o n  on the re f l ec tance  o f  low rank 
coals  (4 ) .  

RESULTS AND DISCUSSION 

Two l i g n i t e s  from southern Saskatchewan were used, from the Boundary Dam Mine 
(BDM-8) and the Coronach Mine (CM-8). They were o f  rank l i g n i t e  8, and were chosen 
as they contained r e l a t i v e l y  l a r g e  amounts o f  i n e r t i n i t e  and e x i n i t e  (Table 1) so 
t h a t  measurements o f  re f l ec tance  on a l l  three major maceral groups could be made. 
The coals were ground t o  l ess  than 20 mesh and separated, by r i f f l i n g ,  i n t o  seven 
samples. Three samples were mixed w i t h  heavy o i l  (L loydminster)  and s tored f o r  24 
days a t  room temperature and 30°C f o r  7 days. They were ex t rac ted  w i t h  a so lvent  
(Soxhlet method) u n t i l  the f i l t r a t e ,  a f t e r  the coal had stood overn ight ,  w i t h  
s t i r r i n g ,  i n  so lvent ,  was co lour less.  Three so lvents  were used, pentane (168 hours 
ex t rac t i on  t ime) ,  toluene (76 hours) and te t rahydrofuran (52 hours) .  Three coal 
samples t h a t  had no t  been t r e a t e d  w i t h  o i l  were so lvent  ex t rac ted  w i t h  the same 
solvents f o r  the same time. One coal sample was l e f t  untreated. 

The loss  i n  mass o f  the coals  dur ing the e x t r a c t i o n  process was determined f o r  
each sample. It was about 208, which i s  h igh J3), bu t  since .some o f  t h i s  l oss  was 
d e t o  handling there i s  no q u a n t i t a t i v e  s ign i f i cance  t o  the d i f f e rences  i n  the l o s s  
o'c mass. 
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TABLE 1 

PETROGRAPHIC ANALYSES (%) 

BDM-8 CM-8 

Humi n i  t e  72 56 
Exi  n i  t e  9 4 
I n e r t i n i  t e  25 21 
Mineral mat ter  10 3 

Reflectances 
The coals  were s e t  i n  epoxy r e s i n  and pol ished. Reflectances, a t  546 nm, were 

measured against  o p t i c a l  g lass standards us ing a L e i t z  Orthoplan-pol, MPV compact 
microscope/photometer system. A t o t a l  o f  100 random measurements were made f o r  each 
type o f  humin i te  and 75 f o r  the other ,  ra re r ,  macerals. The mean random r e f l e c t -  
ance, r a t h e r  than the maximum ref lectance,  i s  usua l l y  determined f o r  low rank coals 
because huminites and l i p t i n i t e s  are i s o t r o p i c .  

The re f l ec tance  o f  humin i te  i s  usua l l y  measured since i t  i s  the most common, 
and the most uniform, maceral. The r e s u l t s  f o r  dark huminite (eu-u lmin i te  A) i n  the 
CM-8 coal are given i n  Table 2. The ref lectances are quoted t o  3 f i gu res ,  bu t  are 
s t a t i s t i c a l l y  v a l i d  t o  two f i gu res  only. The re f l ec tance  o f  CM-8 has no t  been 
a f fec ted  by e i t h e r  e x t r a c t i o n  w i t h  a so lvent  or  by soaking i n  o i l  fo l lowed by 
ext ract ion.  

TABLE 2 

MEAN RANDOM REFLECTANCES, DARK HUMINITE 

BDM-8 CM-8 

Feedstock 
Pentane . 
Oil /pentane 
To1 uene 
O i  1 / to1 uene 
THF 
O i  1 /THF 

0.253 
0.262 
0.274 
0.292 
0.286 
0.289 
0.285 

0.246 
0.252 
0.254 
0.263 
0.265 
0.246 
0.247 

I 

There does seem t o  be a pa t te rn  o f  i nc reas ing  re f l ec tance  w i t h  seve r i t y  o f  
ex t rac t i on  (temperature o f  e x t r a c t  on and so l va t i ng  power o f  so lvent)  w i t h  the BOM-8 
coal ,  but  t he  v a r i a t i o n s  are w i t h i n  the average standard dev ia t i on  o f  0.03. There 
i s  some evidence from t h e  re f l ec tance  data t h a t  the dark huminite i n  BDM-8 feedstock 
consisted o f  two subgroups, w i t h  mean random re f l ec tances  o f  0.18 and 0.27. The 
amount o f  the lower re f l ec tance  subgroup decreased a f t e r  so lvent  ex t rac t i on ,  but  
again these d i f ferences,  w h i l e  consis tent ,  are we l l  w i t h i n  the s t a t i s t i c a l  e r r o r .  

Solvent 
ex t rac t i on  o r  soaking i n  o i l  had no discernable e f f e c t  on the mean random r e f l e c t -  
ance of any o f  these macerals. There i s  a general r e l a t i o n s h i p  between ref lectance 
and a romat i c i t y  (5). Solvent  e x t r a c t i o n  w i t h  pentane, toluene o r  THF, wh i l e  i t  
removed some coal ma te r ia l  (up t o  20%) from the low rank coals  had no e f f e c t  on the 
ove ra l l  degree o f  a r o m a t i c i t y  o f  the coal. 

Measurements were a l so  made on l i g h t  huminite, e x i n i t e  and i n e r t i n i t e .  

\ CONCLUSIONS 

The s o l i d  coal res idues from coal l i q u e f a c t i o n  processes o f t e n  show a change i n  
This  change i s ,  w i t h  low rank coals, n o t  due t o  soaking i n  o i l  o r  sub- ref lectance. 
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sequent solvent ex t rac t i on  t o  remove the  o i l .  
changes i n  these coal p a r t i c l e s  dur ing  the l i q u e f a c t i o n  process and can be used as a 
measure o f  the  seve r i t y  o f  the  reac t i on  t h a t  these p a r t i c l e s  have undergone. 

It i s  a measure o f  the chemical 
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